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THE EFFECT OF VERTICAL CHINE STRIPS ON THE PLANING

CHARACTERISTICS OF V-SHAPED PRISMATIC SURFACES

HAVING ANGLES OF DEAD RISE OF 20° AND @o

By Walter J. Kapryan and George M. Boyd, Jr.

The effect of vertical chine strips on the planing characteristics
of two prismatic surfaces having angles of dead rise of 200 and ~“ has
been determined as part of a general resesrch investigation on planing
surfaces. Wetted lengths, resistance, and center-of-pressure location
were detemnined at speed coefficients up to 25.0, load coefficients up to

r approximately 80.0, and trims up to 30°. In addition, comparisons of
the more important planing characteristics sre made with those for re-
lated surfaces having angles of dead rise of 0°, 20°, and @o, and for
surfaces having angles of dead rise of 20° and kOO tith horizontal cme
flare. These comparisons show that vertical chine strips are a more
effective mesns of increasing the lift of a given surface than horizontal
chine flare is. ~is increase in lift, however, iS =cow~ed W a ~b-

stantial increase in drag so that the lifting efficiency of the vertically
flared surface is comparable to one having horizontal chine flare.

INTRODUCTION

A general program of research on the planing characteristics of a
series of related prismatic surfaces has been undertaken by the National
Advisory Committee for Aeronatiics snd is described in reference 1. The
primary objective of this progrsm is an extension of the range of experi-
mental data on planing surfaces to cover the high trims and loads of
significance in the design of high-speed water-based aircraft.

As part of this general program a detailed experimental investiga-
tion has been made to determine the effect of vertical chine strips on
the planing characteristics of prismatic surfaces having angles of dead
rise of 20° and kl”. Vertical chine strips are of particular interest
because of their favorable effects on spray characteristics and on lift
of prismatic surfaces.
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This paper presents lift and
location for these two models for
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drag coefficients and center-of-pressure
IYo;de numbers up to 25.0, trims-up to

30°, and wetted-length-beam ratios up to 7.0. A general comparison of
the data for surfaces with vertical chine strips is made with data for
simple surfaces having angles of dead rise of 0°, 20°, and ~“ (refs. 2
ahd 3) and for surfaces having angles of dead rise of 20° and 40° with
horizontal chine flare (refs. 1 and 4).
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beam of planing surface including chine strips, 0.344 ft
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resistance coefficient, R/wb3

speed coefficient or l%oude number, V/&b

load coefficient, A/wb3
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friction, psrallel to planing surface, lb

acceleration

inside depth

chine wetted

due to gravity, 32.2 ft/sec2

of chine strip, ft

length, ft

keel wetted length, ft

2~ + 2C
mean wetted length, , ft

2

center-of-pressure location (neasured along keel forward of

trailing edge), M , ft
Acos7+Rsin7

trimming mmm?nt about trailing edge of nmdel at keel, ft-lb

horizontal resistance, lb

Reynolds number, Vmlmlv

principal wetted area (bounded by trailing edge, chines, and
heavy spray line) projected on plsme parallel to keel, Zmb,

Sq ft

actual wetted area aft of heavy spray line, ~ + 2tc(h + t)
Cos p

thiclmess of chine strip, ft

horizontal velocity, fps

mean velocity over surface,
(w

specific weight of water, lb/cu ft

angle of dead rise, deg

vertical load, lb

kinematic viscosity, ft2/sec
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P mass

T trim

density of water, slugs/cu ft

(angle between keel and horizontal), deg

DESCRIJ?TIOMOF MODELS

The models and their cross sections with pertinent dimensions sre
shown in figures 1 snd 2. The basic sngles of dead rise are 20° and
~“, respectively, sndthe sngles of dead rise to the inner edge of the
chine strips sre 160 snd 32° 47’, respectively. The depths of the chine
strips me such that the latter angles sre the same as those of the
surfaces having basic angles of dead rise of 20° and @o with horizon-
tally flared chines (refs. 1 and 4). The addition of the chine $strips
increased the over-all beam of the models from 4 inches to 4.125 inches.
The coefficients used throughout this paper, therefore, are based on a
beam of 4.125 inches. A detailed description of the construction and
finish of the brass models is presented in reference 1.

APPARATUS AND PROCEDURES

The apparatus, procedures, and instrumentation used for this investi-
gation sre described in references 1 and 5. A Magram of the model and
towing gear is presented in figure 3. Wetted lengths were determined
from underwater photographs and from visual readings in the manner de-
scribed in reference 1. A typical underwater photograph is shown as
figure 4.

The aerodynamic forces on the model and towing gate were held to a
minimum by use of the wind screen described in reference 1. The residual
windage tare was approximately 0.3 pound at a speed of 82.0 feet per
second. The proper tares were deducted from the measured drags to obtain
the hydrodynamic resistances. The tares for load and moment were negli-
gible.

The quantities measured are generally believed to be accurate within
the following limits:

Load, lb. . . . . . . . . . . . . . . . . . . . . . . . . . . . ~0.15
Resistance, lb. . . . . . . . . . . . . . . . . . .1 . . . . . *0.15
Trimrningmoment, ft-lb. . . . . . . . . . . . . . . . . . . . . fO.50
Wettedlength, in. . . . . . . . . . . . . . . . . . . . . . . . @.25
Trim, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . fO.10
Speed, fps. . . . . . . . . . . . . . . . . . . . . . . . . . . +0.20
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RESUITS AND DISCUSSION

The experimental data are presented for the angles of dead rise of
20° and k-o”in tables I and II, respectively. k these tables, the load,
resistance, speed, wetted lengths, and center-of-pressure location sre
given as nondimensional coefficients based on the over-all beam. The
lift and drag coefficients are expressed both in terms of the squsre of
this beam and in terms of the principal wetted area. As reported in
references 1 and 4, some of the li@t-load, low-speed conditions of the
test program were influenced by buoyancy. For the 20° dead-rise surface,
these conditions were deleted on the basis of the supplementary low-speed
program described in reference 1 by using figure 18 of reference 1 as the
limit for planing. For the k-o”surface, all conditions were deleted
where buoyancy exceeded 20 percent of the total load as discussed in
reference 4.

The data in tables I and II sre presented in figures 5 to 14. The
results of this investigation parallel those of the tivestigations re-
ported h references 1 to 4 in that the principal planing characteristics
are primarily functions of Uft coefficient and trim. (See figs. 5, 6,
9, 10, 13, and 14. )

The friction coefficients presented in figures 15 and 16 were calcu-
lated directly from the tabular data. All conditions where the possible
error in measurement could change the coefficient more than 20 percent
were omitted from the plot. The projected wetted area S was used to
determine the mean speed over the surface. The actual wetted area Sf,

including the inside faces and edges of the chine strips, was used to
calculate the friction coefficients.

In general, the variation of wetted length, center-of-pressure loca-
tion, and resistance follows the trends previously established in refer-
ences 1 to 4. The effect of change in dead rise on these planing character-
istics is similar to that found previously for the V-shaped surfaces tith
horizontal chine flsre and without chine flare (refs. 1 to 4). As for
the other surfaces, the awsrent values of the friction coefficients at
the higher Reynolds numbers lie above the Schoenherr line for flat sub-
merged surfaces with fully turbulent boundary layers. As the models were
extremely smoth, this result is apparently associated with the method
of calculation and requires further investigation for a more accurate
estimation of lsrge-scale resistance.

Comparisons of the planing characteristics of the surfaces reported
in references 1 to 4 and those of the present paper are presented in
figures 17 to 20. These comparisons are made at mesn-wetted-length—
beam ratios of 1.0 and 3.0. The effect of increase in angle of dead rise
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on the variation of lift coefficient with trim is presented in figure 17.
Increasing the angle of dead rise from O0 to 200 resulted in a 10SS in

lift of approximately 27 percent, the actual loss varying slightly with
wetted area and trim. In like manner for the 40° dead-rise surface, the
decrease in lift was approximately 50 percent.

Much of the loss in Uft with increase in angle of dead rise was
recovered by use of either horizontal chine flare or vertical chine
strips. (See figs. 17 and 18.) The yertical strips were the more ef-
fective of the two; the lift of the 20° surface with vertical chine
strips actually approaches that of the flat plate. The lifts of the
vsrious surfaces are briefly compsred with those of the flat plate in
the following table.

Surface

Flat plate
20° dead rise,
20° dead rise,
~“ dead rise,
20° dead rise
@o dead rise,
~“ dead rise

vertical strips
horizontal flare
vertical strips

horizontal flare

Percent of the lift in relation
to flat plate for mean wetted

lengths of -

1.0
—-. —— .—

100
90
85
80
73
70
50

3.0

100
92
82
77

45

The relative order of the lifting efficiencies of the various sur-
faces may be obtained from a comparison of the measured lift-drag ratios
presented in figures 19 and 20. Increasing the angle of dead rise de-
creases lift-drag ratios at all trims. The angle at which maximum lift-
drag ratio occurs is also shifted to higher trims. At the higher trims
where the frictional resistance becomes a smaller part of the total re-
sistance, the differences in lift-drag ratio become small and the ratio
approaches a value equal to the cotangent of the trim angle. At these
high trims the drag is principally induced drag which is equal to the
load times the tangent of the trim angle. The ratios for the flat plate
at high trims actually exceed cotangent T, presumably because of apparent
negative friction due to reversed flow forward of the stagnation line as
discussed in reference 2.

The modification of the V-shaped surfaces with horizontal chine flsre
or vertical chine strips substantially increased the maximum lift-drag
ratios of these surfaces. (See fig. 20.) Although the addition of verti- .
cal chine strips caused a greater increase in lift than did horizontal
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chine flare, the additional friction associated with the vertical strips
apparently compensated for the increase in lift, and the maximum lift.
drag ratios of the models with vertical strips were comparable to those
of the mdels having horizontal chine flare. At higher trims where the
friction forces are small the lift-drag ratios again approach a value
equal to the cotangent of the trim angle.

Since the deduced friction coefficients at high Reynolds number for
all the surfaces are generally parallel to the Schoenherr line, the same
trends would be expected at larger scales-although the absolute values
of Eft-drag ratios where
somewhat higher.

The results obtained

friction is appreciable will, of course, be

CONCHJDING REMARKS

from an experimental investigation of two
planing surfaces having angles of dead rise of 20° snd-~o with vertical
chine strips show that the important planing characteristics are primarily
functions of trim and lift coefficient. These results are consistent with
those obtained with related surfaces having angles of dead rise of 0°, 20°,

and kOO; and for surfaces having angles of dead rise of 20° and ~“ with
horizontally flsred chines.

Comparisons of the planing characteristics of these related surfaces
show that the flat plate develops approximately 37 percent and 100 per-
cent more lift than do the surfaces having dead-rise angles of 20° and
40°, respectively. Furthermore, the addition of vertical chine strips
increases the lift of a V-shaped surface considerably more than does
horizontal chine flare. tivestigation of lift-drag ratios, however,
shows that this increase h lift by use of vertical chine strips is
largely compensated for by an accompanying increase in drag so that
the lifting efficiencies of horizontally flsred surfaces are comparable
to those having vertical chine flare.

Langley Aeronautical Laboratory,
National Advisory Conznitteefor Aeronautics,

Langley Field, Vs., September 16, 1953.
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TABLEI

EXPmIHSN’MLDATA 0BTAIH2D POR A PLA?fIIOi2URPACE HAVIRG A 20° ANDL2 OF DEAD RISE

AND =1(XL CRINE STRIPS - LANGLEY TANK MODEL 276B

[
Average kinematic visoosity = 12.10x 10 14ft2/seu;speaifiaweightof tankwater= 63.4lb/anft

Trim,
CA

d~g
%

2
2
2
2

;} #

2
2 5:e4 18.02
2 5.@4 18.C3
2 5.84 19.2
2 25.84 19.2
2 5.84 19.68
2 5.84 22:$
2 9.72

9.72 ;::;4
$ 9.72
2 9.72 t~.~
2 9.72 21e
2 9.72 ?21.2
2 9.72
2 9.72 Mj
2 9.72 24.7
2 9.72 24.75
2
2 yg 8:$
2

t
17:% 2;:%

4 1.94 7.12
1.94 7.12

t
4 ;:$ l:”;:.
4
4
k

;:% RRJ

4
4

5.84 12*%
5.84 ;::4

4 9.72
9.72 16.12

t 9.72 18.17
9.72

t
21.24

17.50
4

1~:37
17.5a

4
M?

?24.3
20.70

t 25.28
4

24.78
33.06 19.68

4
4 3?:* qg
6

: M ;!%

6
5.84

6
5.84 l;:g
9.72

6 9.72 10.52
9.72

~ i
1 .92

9.72 1 .02
17050 12.16

6 17.50 1J:2
6 l?.50
6 17.50 24.
6 25.28 14.e
6 25.28 17.d
6 25.28 2reo3
6 25.28 24.5
6 33.M z14.7
6 33.06 17.63
6 33.06 lJ:~;
6
6

33.06

{
; ~:g NJ

●

%

0.0424
.0424
.0J+24
.0422
.0416
.o@
.0360
.O*
.Oyx
.0302
.0226
.0594
.05

0$
.0 8

:&z
.0424
.Oya
.Oyo
.0316

:r$

::32

:g’#

.0766

i%
.03

j@2

0$
.0

:161$
.0744
IO&;

.ll

.0756

J&
.0 6

.l’na

.1.196

.1o76

.0766

:W$
.ll
.07E
.2238

Z-2
.176
.07

.2$

.07

:?&

%
.0 0
.22
.16
.112
.0826

:%

.1608

.n62

.1076

.2994

.2364

%,

o::~4
%

.0158

.01

.01z

.0116

.0122

.WA

.0092

:%

.0266

.0244

.0146

.01

.01E

.0C96

.0102

.Olul

.0V34

.0264

.0236

.0234

.0222

.0104

.0144

.0140

.c068
Xlg4J

KW$

.013.2

.0074

.0394

.0130

.0098

:%

.0398

.0250

.0156

.oj94

.025U

.0224

.01

.01&

.020)

.0208

.0116

.0+48

.0326

.0126

.0124

.0466

.0192

.0122

.W32

.C460

.032

.0190

.0134

.0612

.0460

.O*

.0286

.o194

.0174

.0604

.CMo

0.01
.013
.013
.013
.012
.C15
.01
.012
.01
.O1z
.018
.009
.010
.C@
.013
.013
.012
.016
.016
.014
.017
.010

:%
.010
.064
.040
.042
J-W
.027
.046
J)()

.042

.051

.021

:%
.053
1:$

.0%

.OJ

.02

.021

.023

.029

.086

.w8

.070

.068

.095

.0

.

$:0 7
.042
.069
.091

:%
.049
.076
.101

:%

:%

:%

:%

‘:%&
:00%7
.C043
.*
.oo51
.CW51
.OM1

:x:

:%

WJ

.0042

:%!’

gg

.0336

.00

.013

.0076

.@77

.W3

:%

.Cqi7

.m75

;WJ

:WJ

.(X49

.0092

.00%

.Oo&t

.0049
Jx&

.Oul

.0197

.o117

.0120

.0149

.CQ79

.0090

.01
?’.013

.0083

.o115

.01

.018

.0080
Jx$o
.o127
.0163

:%

.009

.0124

.o121

:%3

——. — —.. .—— —.— — —
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TABLB I - COntinmd

WmIHENTAL DATAOB2AINE3PORA PLANINGSOBPACERAVIRGA 20°Af7GLSOF DEADRISE

ANDVE21TICALCHINESTRIPS- LANGLEYTmu mxm, 276B

%

o.16k2
.30W
.2526
.226a
.0748
.1676
.0758
.1152

.0%

.0 8

J-&
.2 2

.IIQb

.3W2

.3790

.230

.2310

.2294

.13

.11z

.0748

i?
.2 4
.1 66
.1178
.0828
.4622
.44C6
.au
.2222
.1708
.llko
.4676
.372b
.2278
.1672
.2990
.2222
.k798
.4752
.3798
.2628
.260L
.16
.11%

:$;

27?

.3778

.2*

.1190

L
.222
.16
.4614
.4614
#6

.2332

.11
?.232

.17CC

.1164

.4798

.3m2

.1728

.1076

.4618
;Y&

.2a54

cob

0:$J2Z;

:%

.03%

.0164

.02+2

.0178

.0162

.0524

.0388

.0170

.l12b

.0928

.0906

.053

::%
.0296
.0270
.0172
.05b2
.0388
.0270
.0194
.u28
.1062
.0702
.0522
.0390

?6
.026

:2 2
$5&

.07C6

.0520

.1176

.1172

.0910

.060a

;~

.1174

.122L

.076b

.0536

3
.I 6
.072
.0388
.0752
.05%

2
.152
.152

WJ

.0 b

.0%

.0568

::&

.3572

.0362

.19+2

.1252

.0752

.0744

I
‘%8 I

CD
s

O:JJJ;

%J
.193
:=

.268

.196

.177

.252

:%
.129
.13.1
.1 2
z.1 3

.191

.251

.257

.197

.Oy

.21

.218

.236

.llb

.11
,1
#.18

.196

.219

.117

:%

.155

Ji
.19

.129

.12

.17

:W&

.403

.289

:3

.288

&

.253
;%

.289

:%

.3M

.375

.259

;%

:x
.372
.30

o:c@

:g

.04C9

.086

.0L6i’

.0614

.ob26

.0L09

XJ

.Ogo

.03

:#J

.05
?’.057

:%

::?

.027

:%2
.0W8
.042
.02L

y;

:%

.029

:&

:1W4
.1531

xl;

:::23
::?;

.1687

.143
i.1 21

x;

.0970

.114
t.162

.1345

.1291

:%%
yJ;

F
.1 2
.0 66
.C$M3
.123

i.123

.
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TAm2 II

KKPKRIHEKTALDATAOBT- PORA PLANING SORPACE HAvING A 40° ANOLE OF DEAD RISE

AND VEtTICAL CEINE STRIPS - LARGmf TANK HODEL 2’@

MJmMatieviscosity-13.50x 10 14ft2/see;speaifle weight of tank water m 63.4lwm ft

1.9
::
i

5.0
9.7
9.?
9.7
9.7
9.7
9.7
9*7
9.7
9.7
17.5
.17.5
17.9
25.2
25.2;
33*I?
33.0(
1. 1
z3.

3.e!
3.&
5.LY

?$
9*Z
9.7:
9.7:
9.7;
9.7:
17*5C
17.5(
17.52
17*5C

;;:2
17.5C
17.50
25.28
25.28
25.28
33006
33*O6
33.06

Rz
b8.62
1.94
1.94
1.94
1.94

?4

W
5.84
5.84

x
9.72
9.72
9.72
9.72
9.72
17.50
17.50
17.50
17.50
17.50

‘%

0.6
.6
1.2
1.7
3.1
3.1
3.1
3.0
2.9
2.
2.i
3.0
3.1
5.5
5.1
~;

7.5
10.0
9.a

.9’

,;~

1. “
1.4
2.3
2.9
2.3
2.1:
2.2(
4.3

$%

3. 1

#

6.15

$&j

7.82
7.29
7.29
1.63
1080

:f

xi

\:q

J&

L051
1.53

::$

:.$
?.4

..
h p
t.’jl
h50
}.52
t.37

c%

70.o1:.Cn :
.023
.021E

::%
.034e

::2
.0172
.0172
.0134

:$x
.0228
.0172

E
.03
.02
.0348
.0326
.0212

:%
.010

t.022
.0278
.0276
.0410
.0414
.0410
.0168
.0168
.0592

::%
.03?78
.0260
.0166
.0136
.oly3
.0404
.0260
.o184
.05M3
.0396
.0252

$

.02

.0

:06%

?3
.0414
.0432
.0928
.0966
:%

.0302

.C3C%

.0Z96

.09n

:X&

)0312
.1230
)1OOO
)0986

:?$

%[

0.02
.02
.0:
.02
.01

::
.0-2
.02
.C$2
.02
.02
.02
.01
.02
.02
.01
.02
.01
.02
.04
.04
.04

0?
.0 I

:044
.*
.&
.Oy

2
.0

:&
.04
.03
.031

:$3

3!

:%

.03h

:yj

.034

:;$

.143

:$

.117

.IJ.6

.146

.170

.169

.169

.172

:%

:2

.lW

.2.24

.113

.113

.129

-1

-. .— _____ .._ ——.———— . ——
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Figure l.- Sketch and cross section of Langley tank mcdel 276B.
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Figure 2.- Sketch and cross section of Langley tank model 27’7B.
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Figure 3.- Setup of model and towing gear.
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Figure 4.- Q_pical underwater photograph.
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Figure 5.- Variation of mean-wetted-length-besm ratio with lift
coefficient for 20° dea&rise surface.
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Figure 6.- Variation of mean-wetted-length-beam ratio with lift
coefficient for 40° dead-rise surface.
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Figure 7.- Variation of chine-wetted-length-beam ratio with keel-wetted-
length-beam ratio for 20° des&rise surface.
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Figure 8.- Variation of chine-wetted-length-beam ratio with keel-wetted-
length-beam ratio for ko” dead-rise surface.
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Figure 9.- Variation of center-of-pressurelocation with lift coefficient
for 20° dead-rise surface.
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Figure 10.- Variation of center-of-pressurelocation with lift coefficient
for 40° dead-rise surface.
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Figure 11.- Variation of center-of-pressureratio with mean-wetted-length-
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beam ratio for ~“ dead-rise surface.
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Figure 15. - Variation of friction coefficient with Reynolds number for
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Figure 20.- Comparison of the effect of horizontal.and vertical chine
flare on the lift-drag ratio of a prismatic surface.
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